Group exercise for subjects with osteoarthritis of the knee  by Fransen, Marlene et al.
This study was designed to evaluate an 
established group exercise program at a large 
public hospital for subjects with osteoarthritis 
of the knee(s). Although quantitative gait 
analysis shows a clear difference between 
subjects with osteoarthritis of the knee(s) and 
asymptomatic controls, a significant effect of 
the group exercise program undertaken was not 
demonstrated, on either objectively measured 
gait parameters or subjectively reported pain 
and function. Possible reasonsforthis, together 
with an outline for a revised program and 
assessment procedure, are discussed. 
[Fransen M, Margiotta E, Heussler J and 
Edmonds J: Group exercise for subjects with 
osteoarthritis of the knee. Australian Journal of 
Physiotherapy 41: 255-260] 
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PERSPECTIVES ON QUAliTY 
Group exercise for 
subjects with 
osteoarthritis of the knee 
hronic joint pain, impaired 
walking ability and muscle 
weakness associated with 
osteoarthritis of the knee lead to 
progressive functiona11imitations and 
an increasing referral to various health 
services. An effective group exercise 
program specifically designed for 
subjects with osteoathritis of the knee 
has the potential to reduce pain and 
the burden of disability, dependency 
and cost to the community. The 
limited efficacy of simple analgesics, 
the well reported association between 
non-steroidal anti-inflammatory drugs 
(NSAIDs) and peptic ulcer disease 
(Hochberg et a11989) and the 
controversy over possible detrimental 
effects caused by the loss of the 
protective pain reflex with analgesia 
(Schnitzer et a11993), make it 
important that alternative treatments 
such as monitored group exercise 
programs be investigated for efficacy. 
One prospective long term study of 
subjects with osteoathritis of the knee 
demonstrated that pain and 
deterioration of function is common 
(65 per cent) but not inevitable (13 per 
cent) (Massardo et a11989). They 
found only two factors that predicted 
an improved or static outcome, one of 
which was continuing physical activity. 
The primary goals of intervention for 
subjects with osteoarthritis are to 
decrease pain and improve or maintain 
functional status. Useful outcome 
measures of intervention should 
therefore directly assess the effect of 
therapy on these parameters. Lower 
limb pain correlates well with reduced 
gait velocity and stride length (Kroll et 
a11989). Furthermore, gait velocity has 
been shown to predict functional 
dependence (Imms and Edho1m 1981, 
Judge et a11993). That is, slow walkers 
are more likely to be home-bound. A 
decrease in velocity and stride length 
has been shown in subjects with 
arthritis of the knee (Berman et a1 
1987, Blin et a11990). These studies 
also found a correlation between 
clinical improvements after treatment 
(surgery or NSAIDs) and 
normalisation of gait parameters. It 
would therefore seem appropriate that 
quantitative gait analysis be included 
together with the subjects' self-
assessment of pain and level of 
function as outcome measures for 
subjects with osteoarthritis of the knee. 
Exercises specifically for the 
quadriceps have been stressed by most 
health professionals as an important 
intervention strategy for subjects with 
osteoarthritis of the knee(s). Exercise 
has been associated with improved 
function, increased gait velocity, 
decreased pain, increased muscle 
strength and improved fitness (Fisher 
et al 1993, Kovar et a1 1992, Minor et 
al 1989). Most of these studies had very 
small or unrepresentative samples, 
were based on very lengthy or 
intensive programs (Kovar et al1992, 
Minor et al 1989), thus limiting their 
suitability for most subjects with 
chronic arthritis, or were designed for 
subjects receiving individually attended 
treatments (Fisher et a11993). This 
means that the value of exercise at a 
practical clinical level of intensity, and 
particularly in the group situation, is 
largely unsubstantiated in the arthritis 
population. 
If exercises can benefit those with 
osteoarthritis, the method of achieving 
the stated aims is unknown. For 
example, what content, intensity, 
frequency and duration of ~:x;ercise are 
necessary in the osteoarthntIs 
population to reduce pain as well as 
gain and maintain improved levels of 
function? What is the influence of 
disease status or duration on the 
efficacy of an exercise program? How 
can the optimum level of overload 
necessary to bring changes in the 
cardiovascular and musculoskeletal 
systems, without causing pa~ol~gical 
irritation to articular and penartIcular 
tissue be assessed? To which specific 
functional activities should exercises be 
directed? Which program best 
stimulates an ongoing improved 
physical activity level within the 
osteoarthritis population? Are 
individual treatInents more cost-
effective than group exercise sessions 
or monitored home programs? To 
date, there is no agreement on ~e 
specific exercise regime~ that ~Ives 
optimum benefit to subjects WIth 
osteoarthritis of the knee. 
This study was designed primarily to 
assess the outcome of an established 
group exercise program for subjects 
with osteoarthritis in one or both 
knees. The experimental hypothesis 
was that the six week group exercise 
program, incoq~orating genera~ lower 
limb strengthenmg and stretching 
exercises, would produce a significant 
change in gait, lower limb pai~ and 
functional ability of subjects WIth 
osteoarthritis of one or both knees. It 
was considered that this program was 
typical of programs offered by many 
institutions. 
Method 
Thirty-two subjects who had b~~n. 
diagnosed as having osteoarthntIs m 
one or both knees participated in the 
study. They had been referred to the 
Physiotherapy DepartInent of St 
George Hospital, for exercises, by local 
general practitioners an~ medical 
specialists. All were adll11tted to the 
program after signing an informed 
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consent form. Subjects were divided 
into groups of four to six as they were 
sequentially referred. The trial . . 
consisted of a six week program WIthin 
the hospital physiotherapy gymnasium, 
without provision of a home program. 
Subjects were advised to contin,!-e their 
normal daily activities and refram from 
changing their current pattern~ of 
activity or medication use. Subjects 
were assessed immediately prior to the 
commencement of the program and 
within two weeks of completion of the 
program. 
The assessment procedure consisted 
of: 
1. Collection of routine data such as 
age, height, weight, me~ical. 
history and current medIcatiOn 
use. 
2. Assessment of physical function 
using a modified Stanford Health 
Assessment Questionnaire 
(modHAQ)(Appendix 1). This 
self-administen~d questionnaire 
was derived from the original 
Stanford Health Assessment 
Questionnaire (Fries et a11980) 
and validated for subjects with 
osteoarthritis (Pincus et aI1983). 
3. Assessment of pain in both lower 
limbs during walking using 
blinded horizontal 1 OOmm Visual 
Analogue Scales (VAS) (Huskisson 
1974). 
4. Assessment of quantitative gait 
parameters (velocity and stride 
length) using an eight metre long 
level platform (Fransen et aI1994). 
Foot switches in the form of metal 
clips were attached to the subjects' 
shoes by double sided tape (toe, 
base of V metatarsal and heel) and 
connected to the microcomputer 
by light leads suspended from an 
overhead low friction aluminium 
curtain track. Subjects were asked 
to walk along the metal platform 
sequentially at a pace they 
considered normal, at a pace they 
considered fast and at a pace they 
considered slow. Two attempts 
were made at each self selected 
speed (SSS). Walking velocity 
(cm/s) was determined by two 
infrared (IR) sensors placed two 
metres apart in the middle of the 
eight metre walkway, while 
cadence (number of steps per 
minute) and stride length 
(measured in centimetres) were 
calculated from the number of 
contacts made by the metal clips 
and the velocity via the IR sensors. 
The analogue signals from the foot 
switches and the infrared sensors 
were amplified, smoothed and 
filtered before being fed into the 
microcomputer. The computer 
converted the analogue signal into 
a digital signal. 
Two specialised software programs 
were developed to provide a gait . . 
analysis report on the three SSS glVlng 
velocity, cadence (number of steps per 
minute), stride length, percentage of 
time spent in the double support phase 
and percentage of time spent in swing 
and stance phase. A previous study 
(Heussler 1993) demonstrated that at 
the present sampling rate of the 
system, velocity and stride len~ are 
the most reliable measures. A strICt 
protocol was devised whereby the 
second attempt at each SSS (normal, 
fast and slow) was the attempt which 
was analysed unless the computer 
failed to receive all four signals (two 
infrared, right shoe and left shoe) 
clearly; in which case the first att~mpt 
was analysed. Subjects were reqUlred,to 
wear the same low heeled shoes for 
each assessment. 
A one-sample t test was used for the 
within group changes, utilising a 
Minitab®~ statistical program. For all 
statements of statistical significance, p 
values ofless than 0.05 were required. 
The group exercise program required 
twice weekly attendance in the 
gymnasium for approximately one 
hour. Six different exercises were 
performed bilaterally by all subjects. 
Subjects were issued with a printed 
sheet to record the repetitions and 
weights used in each exercise at each 
session. They were instructed to start 
with the stretches and then proceed 
with the other exercises randomly. One 
physiotherapist was always in 
attendance during the session. The 
exercise program is outlined in 
Appendix 2. 
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Table 1. 
Mean and standard deviations of subiect. age, height and weight 
Age Height Weight 
(years) (em) (kg) 
Males (n = 12) 72.7 ± 7.32 174±5.35 82.3± 10.5 
Females (n = 14) 68.7 ±5.08 158 ±4.53 70.4± 15.0 
Table 2. 
Means and standard deviations of subiect assessment of function and pain on 
walkillg. 
MaleS & Females Pre~exercise Post-exercise p 
n=26 program program 
Pain left leg 3.27 ±2.76 2.54±2.35 0.31 
Pain right leg 4.15 ±3.02 3.50 ±2.66 0.41 
Modified HAQ 10.27±1.78 10.23 ± 1.80 0.94 
HAQ=Health Assessment Questionnaire. Pain was scored 0-10 with higher 
scores representing greater pain. HAQ scores ranged from 8-32 with 
higher scores representing greater difficulty in performing various tasks in 
daily living. 
Results 
Of the 32 subjects referred to the 
Physiotherapy Department for 
exercises, 26 completed the six-week 
program. Table 1 presents their 
details. Subjects needed to have 
attended for a minimum of 10 sessions 
to be included in the study. Reasons 
for attrition were: work commitments, 
severe viral chest infection, surgery on 
shoulder, exercises too intensive for a 
chronic obstructive pulmonary disease, 
patient,aggravated chromc lumbar 
pain and a minor fall when climbing 
off a stationary bicycle. . 
Self-assessments of pain and 
functional limitations from the 
questionnaire before and after the 
exercise program are summarised in 
Table 2. There were no significant 
changes seen, despite small 
improvements in all parameters. 
The results of the quantitative gait 
analysis are summarised in Table 3. 
There were no significant 
improvements in the gait parameters 
tested. A sub-group of 13 subjects with 
the poorest baseline gait parameters 
was further analysed and again no 
significant improvements were found. 
The slow SSS was not analysed, as 
normative data collected previously at 
this centre (Fransen et al1994) 
demonstrated that it is a poor 
discriminator between the arthritic 
population and non-arthritic controls. 
Discussion 
Analysis of this gait data and data 
collected previously using the same 
equipment and procedure at this centre 
on a group ofwell-matched 
asymptomatic controls (Fransen etal 
1994) demonstrates a clear difference 
between the groups. However, a 
significant effect of the exercise 
program either on objectively 
measured gait parameters or 
subjectively reported pain and function 
could not be demonstrated. There are 
a number of possible reasons for this. 
The content of the exercise program 
may have been unsuitable. The first 
aim of a successful intervention 
program is pain reduction, as pain is 
the symptom that forces most subjects 
with osteoarthritis to seek treatment. 
Some of the exercises prescribed in this 
study seemed to aggravate subjects' 
joint pain (eccentric quadriceps on a 
step), possibly by increased 
compression loading on the joint 
during the exercise or by emphasising 
poor patella tracking. Quadriceps 
muscle strengthening, which formed 
the core of the exercise program, 
historically has been emphasised for 
subjects with osteoarthritis of the knee. 
Quadriceps strength has been closely 
related to gait velocity Gudge et al 
1993) and therefore level of physical 
function. Schnitzer et al (1993) has 
suggested that increasing knee flexor 
muscle strength could also assist with 
the reduction of pain and optimise the 
limitation of joint destruction. The 
paper discusses the detrimental effects 
of the loss of the protective pain 
mechanism by the use of NSAIDs. 
According to the study, the pain relief 
given by the use of the NSAIDs led to 
a further increase in the dynamic 
adduction moment and potentially a 
more rapid progression of joint 
destruction and accelerated progressive 
mal-alignment toward varus. Since the 
knee flexors may inhibit increasing 
adduction moments which lead to loss 
of function, exercises other than 
quadriceps strengthening need to be 
investigated further. In addition, most 
of the exercises chosen were not 
specifically directed to functional 
difficulties. McArdleet al (1991) 
sugges.ts that muscles must be trained 
with movements as dose as possible to 
the desired movement or skill to 
improve a specific performance. 
Apart from the content of the 
program, the intensity of the program 
may have been insufficient, The 
exercise regime may not have provided 
sufficient overload to stimulate 
.-~-...• ,." .. -,-.--.-. -.. ~~-. -.~. -. -.--.-"~."~-
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changes in the musculoskeletal system. 
Because of joint pain, many of the 
subjects wereun~ble to use a resistance 
sufficient to overload their 
musculoskeletal system. Integral to 
intensity is frequency. The subjects 
exercised twice a week for one hour. 
Although optimal frequency levels 
have not been established, it is 
probable that more frequent exercising 
is needed when the exercises 
performed are low intensity. 
Many studies have demonstrated that 
elderly subjects can achieve increases 
in muscle strength, gait velocity and 
fitness with training (Hamdorf et al 
1992, Judge et al1993) and even 
nonagenarians improve their 
functional level when exercises are 
orientated to their functional abilities 
(Fiatarone et al 1990). Thus a well 
designed exercise program of sufficient 
intensity to increase the lower limb 
muscle strength and improve the 
physical fitness of subjects with 
osteoarthritis of the knee, should 
increase the subjects' functional level 
and improve gait. 
Bellamyet al (1990) stated that, in 
many cases, the reason for failure to 
prove effectiveness is that a small 
treatment effect is attended by a high 
degree of variability. This is relevant to 
this study, as generally the subjects 
referred for exercise therapy have mild 
to moderate disease with function and 
gait usually less deviated from normal 
than subjects with moderate to severe 
disease. Their capacity for change is 
therefore .relatively small. Large 
standard deviations compared with the 
mean differences (Table 3) were also 
found. This would indicate that a 
larger sample may be necessary. Some 
studies to date have demonstrated 
improvement in gait even when 
employing samples of only 11-14 
patients (Berman et a11987, Blin et al 
1990, Steiner et al 1989). On further 
analysis, these studies utilised a sample 
with a higher level of gait disability and 
pain than this sample of subjects. For 
example, Blin et al (1990) claimed to 
have demonstrated the effectiveness of 
NSAIDs using a sample group whose 
mean velocity and stride length at both 
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MALES (n = 12) 
VELOCITY (cm/s) 
!lor1Ilal 94.87 ± 14.17 93.72 ± 11.40 
131.37 ± 20.47 
0;82 
D.ot fast 128.45 ;:\:15.02 
li<~~~~ELENGTH~_" ...• 
fast 141.04±21.52 
STRIDE LENGTH (em) 
normal 
fast 
U7~0() ±9,;47 
129.42±12.98 
114.81 ± 15;i~~ 
132.20 ± 15.t~9 
normal and fast speeds was 21-26 per 
cent lower than the present study's 
group, even though their mean age was 
oniy60.9 years. . 
No gait parameters have yet been 
proven to be repeatable within the 
arthritis population. Large variability is 
suspected because of fluctuating 
dinical symptomology. A study using 
the footswitch walkway has 
demonstrated that osteoarthritis 
patients have repeatable results within 
a day but these have not yet been 
established over longer periods 
(unpublished data, Heussler). The level 
of repeatability of the utilised outcome 
measures needs to be established in 
this population. 
Another possible reason for the study 
failing to prove efficacy was that 
function and pain outcome measures 
were perhaps not sufficiendy sensitive 
to lower limb changes. Many of the 
subjects reported that the program was 
beneficial for them and wished to 
continue but this was not reflected in 
the final scores. In addition to this is 
the question .of blinded VAS 
assessments .of pain. There was at least 
seven weeks between the pre- and 
post- program assessments. Scott and 
Huskisson (1979) state that there is a 
tendency for subjects to over-estimate 
their pain when prior pain scores have 
not been made available. This is a very 
controversial aspect of pain 
measurement and needs further 
attention. 
On the basis of this analysis, it is 
proposed to extend the studies using an 
exercise program and assessment 
procedures revised in the following 
ways. 
The program will be extended to 
eight weeks. As attendance of more 
than twice a week in the gymnasium 
would severely limit the practicability 
and appeal of the program for many 
subjects, a closely monitored home 
program will be provided for an 
additional three days per week. 
Subjects will be required to exercise 
five times each week. Exercises will be 
more functionally directed and 
incorporate the three major aims of 
decreasing pain, increasing lower limb 
muscle strength and improving overall 
physical fitness. On this basis, subjects 
will be asked to undertake a walking 
program, as well as the exercise 
program in the gymnasium, ~s 'part of 
the revised study. OsteoarthritIs 
subjects have a lower level of fitness 
compared with asymptomatic and even 
sedentary controls (Beals et al 1985). 
Minor et al (1988) could not correlate 
the loss of fitness with disease related 
measures and so it is believed that 
inactivity plays the major role in the 
poor physical condition of older 
subjects with osteoarthritis. It is 
desirable that the minimum level of 
intensity is found to achieve a training 
effect as high intensity exercise (as 
perceived by the subject) relates to low 
compliance and higher injury rates 
(Minor et aI1988). Adaptation of the 
target heart rate (HR) during aerobic 
exercise is therefore necessary for 
subjects with osteoa~tis o~ the kne~, 
especially in the group sItuatIon. TheIr 
training threshold is probably closer to 
60 per cent of maximum HR. 
Increased time (20 minutes) on the 
exercise bicycle in the gymnasium and 
the utilisation of heart rate monitors 
will ensure that subjects are exercising 
their cardiovascular system at an 
optimum level. Ten repetition 
maximums will be utilised as pain 
allows. It appeared that, for many of 
the subjects, the ability to work at an 
overload level during the quadriceps 
muscle strengthening exercises in this 
study was hampered by poor patella 
tracking and ensuing pain. Subjects 
will be assessed and taped if necessary, 
to allow minimisation of pain during 
exercise. 
It is proposed that more attention 
needs to be given to details of the 
subjects' history and physique. ~~s 
may help establish the charactenstIcs 
of subjects most likely to benefit from 
an exercise program. Theself~ 
asseSsment questionnaire for physical 
function and pain will be extended. It 
is now considered that a full Stanford 
HAQ would be more appropriate as 
well as further questions relating to 
lower limb pain with stairs, . getting up 
from a chair, night pain, pain initiating 
walking, etcetera. Pain will continue to 
he·scoted on horizontallOOmm VAS 
without priorknowledg~ but a 
perception rating, ie worse, better, 
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same as the last time, will be added to 
each scale to help assess validity. 
It is ethically problematical to use a 
control group, as subjects have been 
referred for treatment, and therefore 
repeated measures before and after 
intervention will be taken to address 
the problem of measurement 
variability. The subjects will be 
assessed on three occasions at intervals 
of approximately one week prior to 
commencement of the exercise 
program, to assess baseline 
repeatibility in this population. The 
subjects will be assessed again on at 
least two occasions each at the end of 
the eight week program and after two 
months on home exercises only. 
Calculations of the effect size desired 
and numbers required to detect a 
significant difference will be estim~ted 
prior to commencement of the reVIsed 
program. 
Ottenbacher and Barrett (1990) have 
highlighted the possible high rate of 
Type 2 errors (false negative results) in 
rehabilitation research. The assessment 
of the level of repeatability within this 
population for these outcome 
measures, the establishment of effect 
size needed for clinically significant 
results, and a more sensitive assessment 
procedure, will allow more certainty 
about the sample sizes needed for 
testing hypotheses. This will. avoid . 
falsely judging a program as meffectIve 
when in fact the problem is the 
research methodology. 
Finally, is highly probable that even 
an optimum group exercise program 
will not be effective for all subjects 
with osteoarthritis of the knee. It is 
therefore important for future studies 
to aim to identifY the characteristics of 
those subjects most likely to benefit 
from a group exercise program as 
distinct from thos~ who would benefit 
more from individual physiotherapy or 
other forms of intervention. 
, MinitlibInc., Version 7.2,1989. 
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Appendix 1 
Modified Health AssessmentQuesti()nnaire (ModHAQ) 
(please tick one answer for each task) 
TASK. i»/ 
Canyou ... 
a 
b 
c 
d 
e 
f 
g 
h 
Get in & out of bed? 
Walk outdoors on 
flat ground? 
J3¢*4a~1l to pick 
updot:hi.P.g from the 
floor? 
Twp,q;t;qmary 
@~Pff? 
~~~~~out of a 
car. 
Score 8-32: Without Any Difficulty - 1; With Some Difficulty - 2; 
With Much Difficulty - 3; Unable To Do - 4 
Appendix 2. 
Group ExereiseProgram. 
Subjects were to perform all exercises bilaterally. Subjects were advised to adjust the 
weights used so that the exercises were performed with some effort but with a minimum of 
pain during the session. They were to note any adverse reaction to the session and seek 
advice from the attending physiotherapist about the possible necessity of adjusting the 
intensity of their exercises. 
Exercise 
Stretchc::s fOf qu~driceps, hamstrings 
*1i8 
Isoilltor bench (Chattanooga Corp.): 
concentric & eccentric quadriceps 
;~~~~ 
:if~g~ntric quJdri~~p~from 15 
centimetre step 
3 x 30 second hold 
~~1~1r-
20-40 I (10-30 Ibs.) 
1 00 s~~~t~Setting) 
20-4d~~~~a~~ 
